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ABSTRACT
Objective To describe the accuracy of coding of ethnicity 
in National Health Service (NHS) administrative hospital 
records compared with self- declared records in maternity 
booking systems, and to assess the potential impact of 
misclassification bias.
Design Secondary analysis of data from records of 
women giving birth in England (2015–2017).
Setting NHS Trusts in England participating in a national 
audit programme.
Participants 1 237 213 women who gave birth between 1 
April 2015 and 31 March 2017.
Primary and secondary outcome measures (1) 
Proportion of women with complete ethnicity; (2) 
agreement on coded ethnicity between maternity 
(maternity information systems (MIS)) and administrative 
hospital (Hospital Episode Statistics (HES)) records; (3) 
rates of caesarean section and obstetric anal sphincter 
injury by ethnic group in MIS and HES.
Results 91.3% of women had complete information 
regarding ethnicity in HES. Overall agreement between 
data sets was 90.4% (κ=0.83); 94.4% when collapsed 
into aggregate groups of white/South Asian/black/mixed/
other (κ=0.86). Most disagreement was seen in women 
coded as mixed in either data set. Rates of obstetrical 
events and complications by ethnicity were similar 
regardless of data set used, with the most differences 
seen in women coded as mixed.
Conclusions Levels of accuracy in ethnicity coding in 
administrative hospital records support the use of ethnicity 
collapsed into groups (white/South Asian/black/mixed/
other), but findings for mixed and other groups, and more 
granular classifications, should be treated with caution. 
Robustness of results of analyses for associations with 
ethnicity can be improved by using additional primary data 
sources.
INTRODUCTION
Routinely collected electronic health records 
offer the opportunity to evaluate care, 
outcomes and associations among large 
numbers of service users. There is wide 
interest in using routinely collected data to 
explore in more detail inequalities in care/
outcomes between ethnic groups.1 The infor-
mation about ethnicity in routinely collected 
data sources needs to be accurately recorded 
to enable such analyses.2 3
Hospital Episode Statistics (HES), an 
administrative data set which captures admis-
sions at National Health Service (NHS) 
hospitals in England, records ethnicity at 
each attendance. Previous validation studies 
of ethnicity in HES have demonstrated that 
completeness has improved over time, and 
that there is overall good agreement between 
HES and general practice records4 and 
patient self- reported ethnic group in patients 
with cancer.5 However, these studies have also 
demonstrated heterogeneity between hospi-
tals and disagreement between data sources 
in the recording of non- white ethnicity.4 5 It is 
unknown to what extent these discrepancies 
still exist, and whether similar patterns are 
seen in young, ethnically diverse groups such 
as women giving birth.
In this study, we make use of linked data on 
women giving birth to examine the accuracy 
of ethnicity recording in HES. We compare 
ethnicity in HES to that in electronic mater-
nity records in maternity information systems 
(MIS) in England. MIS records reflect self- 
reported ethnicity reported to midwives at the 
time of the pregnancy booking appointment, 
where a woman’s social, medical and mater-
nity history are comprehensively reviewed. 
Recording of ethnicity is mandatory within 
the Maternity Data Standard in England, 
and is used to guide care (eg, screening for 
Strengths and limitations of this study
 ► This study uses a large data set of ethnicity as re-
ported to midwives at the time of booking pregnancy 
to validate ethnicity in administrative hospital data 
from birth episodes.
 ► The use of routine data for validation ensures the 
study is large and representative.
 ► The main limitation of this study is that it is restrict-
ed to largely healthy women giving birth.
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gestational diabetes mellitus).6 Ethnicity data in HES 
is also self- reported, derived from the hospital’s record 
systems entered at the time of the admission (in this case, 
for birth).
The aims of this study were (1) to ascertain the 
completeness of ethnicity data in HES in the records of a 
young, ethnically diverse population: women giving birth 
in England; (2) to compare agreement between HES and 
maternity data sources; (3) to examine how sensitive the 
findings of statistical analyses are to the ethnicity data 
source, using rates of emergency caesarean section and 
obstetric anal sphincter injury as illustrative examples. 
Based on our findings we develop recommendations 
for the use of ethnicity coding and the interpretation of 
results using HES ethnicity data.
METHODS
Data sets
This study used two data sets, linked together for the 
purpose of the National Maternity and Perinatal Audit 
(NMPA) in England: administrative data for the hospital 
admission resulting in the birth episode from HES, and 
maternity data from MIS. HES was provided via NHS 
Digital. Individual hospital trusts provided extracts 
directly from the MIS to the NMPA.7 Furthermore, for 
the purposes of comparison to national data on ethnic 
group, publicly available aggregate data from the Office 
for National Statistics (ONS) based on the 2011 census 
was used.8
The cohort consisted of 1 165 252 women who gave 
birth in the NHS in England between 1 April 2015 and 
31 March 2017 and who had a linked record available in 
both MIS and HES (figure 1).
Linkage
Data sets were linked by a trusted third party (NHS 
Digital) using deterministic methods based on the NHS 
number, postcode and maternal date of birth.9
Coding of ethnicity
All three data sets code ethnicity using the 16+1 ONS 
categorisation system from the 2001 census.10 Ethnicity 
was considered ‘complete’ if it was not missing and not 
‘unknown’. For the purposes of understanding varying 
levels of granularity, ethnicity was considered both as indi-
vidual codes and collapsed into five aggregated groups 
used by ONS: white; South Asian or British Asian; black 
or black British; mixed and other (including Chinese and 
other (free text, not categorised)).
Analysis
For 1 165 252 women where both HES and MIS 
records were available, ethnicity codes were compared 
for completeness. Cross- validity was checked for indi-
vidual ethnicity codes and by the five aggregated 
ethnic groups. Agreement was assessed using Cohen’s 
kappa (κ) statistic, which measures the level of agree-
ment of a categorical variable between two different 
sources on a scale from 0 to 1, taking into account the 
probability of chance agreement.11
To evaluate how sensitive statistical analysis of results 
were to the data source for ethnicity, we examined the 
relationship between ethnicity and rates of a common 
outcome of birth (emergency caesarean section) and 
an uncommon outcome (obstetric anal sphincter 
injury (OASI)) known to be associated with ethnic 
group.12 13 Both outcomes are well coded and are 
used for national quality comparisons.7 Women were 
included in this analysis if they had a singleton birth at 
term (37+0 to 42+6 weeks). Definitions of singleton birth 
at term, emergency caesarean section and OASI were 
made using the coding framework developed by the 
NMPA.14 Poisson regression was used to examine the 
associations between each outcome and ethnic codes 
and ethnicity collapsed into groups, using recorded 
ethnicity in each of HES and MIS.
Two supplementary analyses were carried out. First, the 
frequency of complete ethnicity codes was tabulated and 
compared with the published ethnicity of women aged 
16–49 from the 2011 census.8 Second, in order to assess 
whether there was any bias in linkage to HES, the likeli-
hood of having a linked record was tabulated by ethnic 
group for all women with a record in HES.
All analyses were performed in Stata V.14.1.
Data access statement
The data are available for further research and service 
evaluation following approval from the data controllers, 
which are the Healthcare Quality Improvement Partner-
ship ( www. hqip. org. uk) for the data derived from the MIS 
and NHS Digital for HES.
Figure 1 Flow diagram for study cohort. HES, Hospital 
Episode Statistics; MIS, maternity information systems.
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Patient and public involvement
The NMPA advisory group for inequalities provided the 
motivation for investigating this question, and will guide 
the dissemination of this research.
RESULTS
Data completeness
Complete codes for ethnicity were present in 91.3% of 
the 1 165 252 HES records linked to MIS. Among the 1 
165 252 women, 95.5% had a complete code for ethnicity 
in at least one of HES and MIS (table 1).
Agreement between ethnicity in HES and MIS
Of the 1 165 252 women with records in both HES and 
MIS, 1 007 881 (86.5%) had complete ethnic codes in 
both data sets. The overall agreement between aggregated 
ethnic groups was 94.4% (κ=0.86) and between individual 
ethnic codes was lower at 90.5% (κ=0.83) (table 2).
When ethnicity was recorded as white, South Asian or 
black, there was between 91% and 99% agreement between 
data sources on aggregated ethnic group, with the highest 
agreement in women recorded as white (table 1). The largest 
discrepancy between HES and MIS was in the recording of 
women with mixed ethnicity (table 1). A larger proportion 
of women were coded as mixed ethnicity in HES than in 
MIS (table 1). Of the women coded as mixed ethnicity in 
HES, only 35% were recorded as mixed ethnicity in MIS, 
with 43% recorded as white in MIS (table 1 and online 





Asian Black Mixed Other Missing
% 
agreement*
HES Total 1 165 252 814 492 126 155 52 201 19 501 44 946 107 957
White 804 648 754 312† 1428 716 2412 6911 38 869 98.5
Row %* 98.5 0.2 0.1 0.3 0.9 4.8
Column %* 97.0 1.2 1.4 13.0 16.3 69.8
South Asian 124 341 1395 111 863† 566 760 3844 5913 94.5
Row %* 1.2 94.5 0.5 0.6 3.2 4.8
Column %* 0.2 93.6 1.1 4.1 9.1 10.6
Black 52 572 880 438 44 909† 1287 1236 3822 92.1
Row %* 1.8 0.9 92.1 2.6 2.5 7.3
Column %* 0.1 0.4 90.6 7.0 2.9 6.9
Mixed 42 269 16 273 3141 2525 13 358† 2915 4057 35.0
Row %* 42.6 8.2 6.6 35.0 7.6 9.6
Column %* 2.1 2.6 5.1 72.2 6.9 7.3
Other 39 713 5086 2654 868 680 27 424† 3001 74.7
Row %* 13.9 7.2 2.4 1.9 74.7 7.6
Column %* 0.7 2.2 1.8 3.7 64.8 5.4
Incomplete/
missing
101 709 36 546 6631 2617 1004 2616 52 295† 51.4
Row %* 35.9 6.5 2.6 1.0 2.6 51.4
Column %* 4.5 5.3 5.0 5.1 5.8 48.4
% agreement* 97.0 93.6 90.6 72.2 64.8 48.4
*Percentages in rows, columns and of agreement between ethnic groups are among records with complete, non- missing values for ethnic 
group.
†Bold values signify where values are in agreement.
HES, Hospital Episode Statistics; MIS, maternity information systems.
Table 2 Overall agreement between ethnic origin coded in 




HES All ethnicity codes* 90.5 0.83
Aggregated groups† 94.4 0.86
*All 16 ethnicity codes defined by the Office for National Statistics.
†Aggregated groups of white/South Asian/black/mixed/other.
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supplemental table 1). For women recorded as mixed 
ethnicity in MIS there was a relatively high agreement in 
HES (72%).
For women with ethnic group recorded as a mix of two 
ethnicities in one data set, they were often recorded in 
the other data set as just one of these two ethnicities. For 
example, of those women coded as ‘White/South Asian’ 
in MIS, 59% were assigned to the same group in HES, 15% 
were coded in a ‘White’ group in HES; 10% were coded 
in a ‘South Asian’ group, 5% had no ethnicity recorded in 
HES; and 7% were ‘Other Mixed’ (online supplemental 
table 1). None of these codes are fully inconsistent with 
the ‘White/South Asian’ group in MIS. Similar patterns 
were seen for groups within white and black: only 60% of 
those recorded as ‘White Irish’ in MIS were assigned to 
the same group in HES, but a further 31% were assigned 
to ‘White British’ or ‘Other White’ groups; for women 
coded as ‘Other Black’ in MIS, only 45% were assigned 
to the same group in HES (the lowest agreement of 
all groups) but a further 38% were recorded as ‘Black 
African’ or ‘Black Caribbean’ which again may not be 
fully inconsistent (online supplemental table 1).
Sensitivity of statistical analyses to ethnicity data source
The overall rates and rate ratios comparing OASI and 
emergency caesarean section by ethnic group were very 
similar regardless of whether HES or MIS was used to clas-
sify ethnicity (table 3 and online supplemental table 2). 
However, small differences were seen in the estimates of 
the rates of caesarean section, and the rates and rate ratios 
of OASI, in the mixed and other groups, which were the 
ethnicity groups with the lowest agreement between data 
sources. For example, the estimated rate of caesarean 
section in women from mixed ethnic groups was 14.9% 
(95% CI 14.4% to 15.4%) in MIS and 15.3% (14.9% to 
15.6%) in HES (table 3).
Supplementary analyses
The prevalence of white ethnicity was lower in women in 
this study than in women aged 16–49 in the aggregate 
census data (82.6% in census data, and 77.1% and 75.7% 
among complete values in MIS and HES, respectively). 
Women in HES were twice as likely to have their ethnicity 
recorded as mixed as women in MIS or the census (4.0% 
compared with 1.9% and 2.3%, respectively) (online 
supplemental table 3).
Women whose recorded ethnicity was black or mixed, 
or who did not have a recorded ethnicity, were less likely 
to have had complete identifying information in both data 
sets to enable linkage between the data sets than white 
women (7.1%, 7.3% and 7.6% unlinked compared with 
5.7%); women with ethnicity recorded as South Asian 
were more likely to have linked data (4.6% unlinked) 
(online supplemental table 4).
DISCUSSION
Main findings
Ethnicity is complete in administrative hospital records 
for 91% of women giving birth in England. Overall, 
administrative and maternity data sets demonstrated very 
good agreement on aggregated ethnicity group, with κ 
over 0.85. However, there was poor agreement on the 
recording of mixed ethnicity, with a substantial propor-
tion of those women coded as mixed ethnicity in HES 
recorded as white in MIS. In addition, women who had 
their ethnicity coded as black or mixed in their maternity 
record were less likely to have their record linked to an 
administrative record. Estimates of associations between 
ethnicity and each of a common and uncommon 
outcome were largely unaffected by the data source for 
ethnicity.
These results indicate that ethnicity in HES for women 
giving birth in England is highly complete, with good 
validity when compared with other data sources, and can 
be used to draw robust conclusions about associations 
between aggregated ethnicity groups and outcomes. 
The exception is with the coding of mixed and other 
ethnicity, for which there is a coding issue and results are 
not entirely robust to the choice of data source. Further-
more, for analyses using linked data sets, statistical 
approaches such as methods of imputation for missing 
data, are needed to deal with the lower linkage rate for 
women from black and mixed ethnic backgrounds so 
that these women are not under- represented in such 
studies. Studies which are restricted to only those indi-
viduals with complete information about ethnic group 
may exclude a substantial proportion (in our study, 9%) 
of the population.
Strengths and limitations
This study uses a large data set of self- reported ethnicity 
in a young, ethnically diverse population to validate 
ethnicity in HES. MIS have been in widespread use for 
more than a decade; the recording of this information 
was mandatory at the time of coding15 and is known to be 
used for quality monitoring.7 16 Primary data collection 
on self- reported ethnicity would have to be extensive to 
ensure appropriate representativeness and this is expen-
sive and logistically challenging. Our approach, using two 
routine data sets to establish validity, ensures the study is 
robust while maintaining feasibility and cost- effectiveness.
The main limitation of this study is that it is restricted 
to largely healthy women of childbearing age. However, 
there is no reason to think that these findings would not 
be translatable, and that the quality of ethnicity data would 
not be as good, in other groups of healthcare service 
users. A further limitation is that the two data sources 
may not be entirely independent; it is possible that in 
some hospital settings or in some cases, both sources are 
derived from the woman’s reported ethnic group at the 
time of booking her pregnancy (eg, if coding in both data 
sets is derived from a single set of paper medical notes).
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Comparison with existing literature
In common with previous studies in other areas of health 
and older populations, we found that recording is more 
often inconsistent between data sets in mixed ethnic 
groups.4 5 Previous studies have demonstrated that the 
quality of routinely collected ethnicity data in HES has 
increased over time.4 We provide up- to- date information 
about the validity of ethnicity recording in HES, and 
additionally demonstrate that completeness of informa-
tion required for linkage to external data sets is lower in 
minority ethnic groups.
Our cohort has a higher proportion of non- white 
women than the 2011 census, and particularly of women 
from South Asian backgrounds. This finding may be 
partially explained by population changes in the inter-
vening years, but also aligns with previous evidence that 
women in South Asian groups, particularly Pakistani and 
Bangladeshi women, have a higher fertility rate than 
other ethnic groups in the UK.17
Our finding that women from minority ethnic groups 
are less likely to have the relevant information to enable 
linkage to other data sets including HES has been demon-
strated elsewhere.18 This is an important source of poten-
tial bias in analysis.
Implications
COVID-19 has emphasised the extent to which existing 
ethnic and socioeconomic inequalities continue to 
govern health outcomes.1 19 In women giving birth, as 
across many areas of healthcare, it is well recognised that 
those from non- white ethnic groups experience poorer 
outcomes in the UK and across the world.20–25 Reducing 
these inequalities requires a multifaceted approach, 
including access to good- quality data for monitoring 
care and outcomes stratified by ethnic group.2 Electronic 
health records offer the potential to understand the asso-
ciations between ethnicity and healthcare and outcomes 
in more detail, using statistical methods to understand 
to what extent associations are mediated through other 
factors such as socioeconomic deprivation and comor-
bidities. The findings of this study demonstrate that such 
studies could draw robust conclusions.
The potential of these analyses is, however, limited by 
incompleteness, inconsistencies and selective missingness 
in records for individuals from ethnic minority groups, 
including missing identifying information which may 
inhibit linkage. Reasons for this are likely to be multifac-
torial. Women from ethnic minorities are more likely to 
be recent immigrants to the UK and therefore to have 
no NHS number, which would enable linkage from their 
maternity records to HES. Women born outside the UK 
or in ethnic minority groups are also more likely to book 
late for antenatal care, which may limit the completeness 
of their data.21 26 27
Among individuals from mixed groups, while there is 
increased discrepancy between data sets the coding is 
not always fully conflicting, with many women recorded 
as a mix of two ethnicities in one data set recorded as 
only one of these in the other data set. This may be due 
to limitations in either or both of the design of the data 
collection framework and the input of the data.2 The 
design of the current classification system is limited: 
for many people from mixed ethnic groups, which are 
heterogeneous, there are not appropriate categories for 
inclusion. This may directly affect the data input: when 
faced with a classification which does not adequately 
reflect their ethnic group, individuals may default to a 
choice which is consistent with societal expectations and 
inbuilt structural racism,2 which may in part explain why 
in this study 42.6% of women who were coded in HES at 
birth as mixed reported their ethnicity to their midwife as 
white. Furthermore, inconsistent input may reflect true 
variation in self- perceived ethnicity: there is evidence 
from sibling studies that there may be uncertainty about 
parental ethnic origin, leading to inconsistent self- reports 
of ethnic group.28 Some established minority groups, for 
example, mixed groups which do not fall into available 
categories (eg, mixed black/South Asian), are not explic-
itly included in the current classification system. This lack 
of inclusion limits appropriate classification, introducing 
inconsistencies in the data and preventing studies from 
establishing health outcomes in these minority groups.
For researchers and policymakers using this data, it is 
important to understand the potential biases introduced 
by misclassification and missing information. Robustness 
can be improved by using linked data sets to improve 
completeness and performing sensitivity analyses to assess 
bias in recording of ethnicity. The strength of analyses can 
be further improved by clear approaches to missing data: 
if, as in this study, other linked data sources exist, these 
can be used to inform imputation procedures for missing 
data. Rather than simply infilling values from one data 
set into another, values of ethnicity in one data set can be 
included in a model to impute missing values in the other 
data set using multiple imputation. This approach has the 
advantage that it takes into account the uncertainty due 
to missing data while incorporating the (very informa-
tive) information in the other data set.
We recommend that those using ethnicity data in HES 
where possible test their results by repeating their anal-
ysis using other available primary sources, and that HES 
is used primarily to draw conclusions about associations 
between aggregated ethnic group and outcomes, with 
use of individual ethnic groups treated more cautiously, 
particularly in mixed and other ethnic groups.
CONCLUSIONS
Our findings support the validity of the use of ethnicity, 
collapsed into aggregated groups of white/South Asian/
black/mixed/other, in administrative hospital data in 
England: both for monitoring care by ethnic group and 
to understand the associations between ethnic group 
and outcomes. However, while ascertainment of ethnic 
group can be improved by using multiple data sources, 
there remains a need to improve the completeness and 
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accuracy of recording, particularly among people from 
mixed ethnic groups, where reporting may be limited 
by a lack of appropriate categories and may be vulner-
able to inconsistencies in self- reporting. Researchers and 
analysts should be aware of the potential for misclassifi-
cation bias, particularly among mixed and other ethnic 
groups and when the most granular level of available data 
are used. Analysts should also be aware of the potential 
for linkage bias due to lower levels of identifying informa-
tion, required for linkage, in records of individuals from 
ethnic minority groups. National efforts are required to 
improve the quality, completeness and accuracy of coding 
of ethnic group in administrative hospital data; to ensure 
equity in the recording of identifying information; and to 
provide appropriate and up- to- date classification systems 
for ethnicity.
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